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(54) Recording method, reproducljig apparatus, and a disc-dhaped recording medium 



(57) A recording method for a disc-shaped record- 
ing medium formed by cementing two disc members 
having a recording layer on one surface, a diameter of 
approximately 12 cm and a thickness of approximately 
0.6 mm, includes the steps of gener^tins^xtigilal^audLo 



signal that is generated by perform in gSA-modulation for 
converting an analog audio signal with a sampling fre- 
quency set to a multiple of a frequency fs so as to cor- 
respond to each channel at the frequency fs = 44. 1 kHz, 
and recording the gener5t^i^^igilal.aiJ£JiD signal Jo Jhe 
disc-shaped recording medium. 
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Description 

This invention relates to recording methods for disc- 
shaped recording media, reproducing apparatuses for 
disc-shaped recording media, and disc-shaped record- s 
ing media. In particular, this invention relates to a meth- 
od for recording to a disc-shaped recording medium in 
which a digital audio signal is recorded, an apparatus 
for reproducing from a disc-shaped recording medium 
in which a digital audio signal is recorded, and a disc- io 
shaped recording hiedium in which a digital audio signal 
is recorded. 

Compact discs are in wide use as a type of record- 
ing medium to which an audio signal is converted and 
recorded in the form of a digital signal or from which me- '5 
dium such an audio signal can be reproduced. Accord- 
ing to the standard for compact discs, an analog audio 
signal is sampled corresponding to each of the right or 
left channel at a sampling frequency of fs = 44.1 kHz, 
and each sample is converted and recorded as a 16-bit so 
digital signal. 

Thus, in the compact disc, an analog audio signal - - 
which is to be recorded corresponding to each channel 
is processed such that its frequency band above 22 kHz 
is filtered due to the aboVe-mentiOned limited sampling 25 
rate in the standard. Therefore, the harmonics oi'iginally 
included in a sound are limited, which thus causes a de- 
terioration in tone quality such as a lack of natural sense. 

Another standard in wrtiich a sampling frequency of 
96 kHz corresponding to each channel where each sam- 30 
pie is recorded as a 24-btt signal has been proposed. 
Although some improvement has been observed, dete- 
rioration in tone quality cannot be avoided even when 
this standard is employed, similartothe former.standard 
due to limited harmonics. 35 

In addition, recently for analog-to-digital or digital- 
to-analog converters, a converter employing the EA - 
modulation method in which quantized noise is concen- 
trated within a high frequency by providing a quantizer 
in a feedback loop, has been proposed. This converter 40 
is used for recording to or reproducing from compact 
discs. 

Fig. 1 is a system block diagram showing the flow 
of an audio signal recorded or reproduced with respect 
to a compact disc using the ZA-modulation method, ^ 
based on the standard for compact discs. 

A SA-converter 11 converts an analog signal "Au" 
into a digital audio signal "Da" having 1 bit per sample 
(this digital audio signal having 1 bit per sample is here- 
inafter referred to as the "1 -bit audio signal") by using a so 
sampling frequency of 64.fs {= 2.8224 MHz). The 1-bit 
audio signal is supplied to a digital filter 12. This digital 
filter 12 performs th Inning-out (down-sampling) with re- 
spect to the supplied signal for conversion into a digital 
audio data "Db" having 16 bits per sample by using the S5 
sampling frequency denoted by fs, which data satisfies 
the standard for compact discs. 

The digital audio data Db is supplied to an encoding 



circuit 1 3, in which processes such as scrambling and 
error-correcting-encoding and eight-to-fourteen modu- 
lation are performed with respect to the supplied data, 
so that the processed and modulated data is recorded 
as serial data by a recording optical head (not shown) 
to a disc-shaped recording medium 1 4. 

The serial audio data recorded to this disc -shaped 
recording medium 14 is read by a reproducing optical 
head (not shown) to be supplied to a decoding circuit 
1 5. This decoding circuit 15 converts the serial data into 
parallel data, and performs processes such as de- 
scrambling and error-correcting -decoding to form repro- 
duced digital audio data "Dbp" having 1 6 bits per sample 
by using the sampling frequency fs. 

This reproduced digital audio data Dbp is supplied 
to a digital filter 16, in which interpolation (over-sam- 
pling) is performed with respect to the supplied data in 
response to the thinning-out on the recording side, and 
the interpolated output data is supplied to a IS-wodu- 
lator 1 7. The 2A-modu!ator 1 7 converts the supplied da- 
ta into a 1-blt audio signal "Dap" by using a sampling 
frequency of 64 X fs. - - 

The 1-bit audio signal Dap from the Zd-modulator 
17 is supplied to an analog low-pass filter 18 to be re- 
stored to an anaiog audio signal "Aup". 

When zA'-nriodulation is used in analog-to-digitaf 
and digital-to-analog conversion as described above, a 
wide dynamic range is obtained with a small number of 
bits by increasing the sampling frequency. 

However, according to the case shown in Fig. 1, in 
the recording mode the digital filter 12 performs thin- 
ning-out with respect to the digital audio data having 16 
bits per sample at the sampling frequency fs based on 
th e ^standard for^compactiijscs.-jwh ile Jn th e reprpducing 
mode the digital filter 1 6 performs interpolation. Accord- 
ingly, a computing error occurs in the process in which 
the data passes through the digital filters 1 2 and 1 6, and 
this error causes a deterioration in tone quality. 

On the other hand, with the development for prac- 
tical use of media having a large capacity and a high 
transfer rate, recording methods and apparatuses for a 
digital audio signal sampled at a greater number of bits 
and at a higher frequency have been proposed, com- 
pared with the present standard for compact discs at a 
sampling frequency of fs = 44. 1 kHz and 1 6 bits per sam- 
ple. Such circumstances cause increasing dissatisfac- 
tion with the tone quality of the compact disc, and as a 
result, enthusiasm for realizing the next-generation of 
compact discs has increased. 

As the next-generation of compact discs will not be 
limited to audio-use, Toshiba Corporation and Matsus- 
hita Electric Industrial Co., Ltd. in Japan have proposed 
a type of disc for realizing a recording capacity of 5 GB 
on one surface (referred to as the "SO (super density 
disc) standard" heretnalter), where the disc has a thick- 
ness of 1 .2 mm formed by cementing two thin discs be- 
ing 12 cm in diameter and 0.6 mm thick, similar to the 
present compact disc. Also, Phillips in the Netherlands 
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and Sony Corporation in Japan have proposed another 
type of disc for realizing a recording capacity of 3.7 GB 
on one surface (referred to as the "MMCD (multi-media 
compact disc)" hereinafter), which has a single-disc 
structure of the same size as the present compact disc. s 
In addition, a further type of disc realizing an intermedi- 
ate recording capacity of 4.7 GB on one surface, be- 
tween the SD standard and the MMCD standard, has 
been proposed. 

These types of discs have been proposed as digital to 
video discs (referred to as "DVDS", hereinafter) or data 
memories for computers. 

Accordingly, in accordance with a first aspect of the 
present invention, there is provided a recording method 
for a disc-shaped recording medium which includes the is 
steps of: performing ZA-modulation for converting an 
analog audio signal to generate a digital audio signal 
having 1 bit per sample by using a sampling frequency 
being n times as many as a frequency fs so as to corre- 
spond to each channel (if there is more than one), where 
the frequency fs = 44.1 kHz, and n represents an inte- 
ger; and recording the digital audio signal having 1 bit " 
per sample to the disc-shaped recording medium. 

Thus the digital signal is recorded without thinning 
out (down sampling) as pccurs in filter 12 in the circuit 25 
shown in Fig. 1. 

In accordance with the second aspect of the present 
invention, there is provided a reproducing apparatus for 
a disc-shaped recording medium having both a first re- 
cording region in which a digital audio signal is recorded 30 
and a second recording medium In which signals includ- 
Jng^xiiscrimiriation^iQnal for-discrimir^ating -the.type.of 
the digital audio signal recorded in the first recording re- 
gion are recorded. The digital audio signal has 1 bit per 
sample and is generated by perfonming^^-modulation ^5 
for converting an analog audio signal with a sampling 
frequency set to a multiple of a frequency fs so as to 
correspond to each channel at the frequency fs = 44.1 
kHz. The reproducing apparatus has reading means, 
determination means, reproducing means, and low- 40 
pass-filter means. The reading means reads the signals 
recorded in the disc-shaped recording medium. The de- 
termination means determines whether or not the repro- 
ducing apparatus is loaded with the disc-shaped record- 
ing medium having 1 bit per sample and being generat- 
ed by performing £A-modulation for converting an ana- 
log audio signal with a sampling frequency set to a mul- 
tiple of a frequency fs so as to correspond to each chan- 
nel at the frequency fs = 44.1 kHz. The reproducing 
means reproduces the digital audio signal having 1 bit so 
per sample corresponding to each channel, from an out- 
put signal read by the reading means when it has been 
determined that the reproducing apparatus is loaded 
with the disc-shaped recording medium having 1 bit per 
sample and being generated by performing ZA-modula- ss 
tron for converting an analog audio signal with a sam- 
pling frequency set to a multiple of a frequency fs so as 
to correspond to each channel at the frequency fs = 44. 1 



kHz. The low-pass-filter means is supplied with the dig- 
ital audio signal, having 1 bit per sample corresponding 
to each channel, outputted by the reproducing means, 
and outputs an analog audio signal. 

In accordance in the third aspect of the present in- 
vention, there is provided a recording or reproducing 
method for a disc-shaped recording medium having 
both a first recording region in which a digital audio sig- 
nal is recorded and a second recording medium in which 
signals including a discrimination signal for discriminat- 
ing the type of the digital audio signal recorded in the 
first recording region are recorded. Such a reproducing 
method includes the steps of; performingZA-nrKxiulation 
for converting an analog audio signal to gene/ate a dig- 
ital audio signal having 1 bit per sample by using a sam- 
pling frequency being n times as many as a frequency 
fs so as to correspond to each channel, where the fre- 
quency fs = 44.1 kHz, and n represents an integer re- 
cording the digital audio signal having 1 bit per sample 
to the disc-shaped recording medium; reproducing the 
digital audio signal having 1 bit per sample by reading 
the recorded signals; and outputtihg the reproduced dig- ' 
ital audio signal having 1 bit per sample through the low- 
pass-filter means. 

In accordance with a fourth aspect of the pre.sent 
invention, there is provided a disc-shaped recording me- 
dium having a first signal- recording region and a second 
signal-recording region. In the first signal-recording re- 
gion a digital audio signal is recorded or a drgital agdio 
signal having 1 bit per sample by using a sampling fre- 
quency being n times as many as a frequency fs so as 
to correspond to each channel, -where -the frequency fs 
= 44.1 kHz, and n represents an integer, is recorded. 
The second signal-recording region is formed inside the 
first signal-recording region. In the second signal-re- 
cording region, signals including a discrimination signal 
are recorded. The discrimination signal discriminates 
whether is recorded or not, in the first signal-recording 
region, the digital audio signal having 1 bit per sample 
by using a sampling frequency being n times as many 
as a frequency fs so as to correspond to each channel, 
where the frequency fs = 44.1 kHz, and n represents an 
integer. 

The following non-limitative description of a disc- 
shaped recording medium, and a recording apparatus 
and a reproducing apparatus therefor, according to em- 
bodiments of the present invention is given with refer- 
ence to the accompanying drawings, in which :- 

Fig. 1 is a block diagram showing the main compo- 
nents of a disc reproducing apparatus employing the an- 
aiog-to-dlgital conversion and digital-to-analog conver- 
sion of S -conversion method. 

Fig. 2 is a chart showing the configuration of data 
in a disc according to one embodiment of the present 
invention. 

Fig. 3 is a chart showing the recording area of the 
disc according to the embodiment of the present inven- 
tion. 
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Figs. 4A and 4B are charts showing the configura- 
tion of data recorded in the reading-start area of the disc 
according to the ennbodiment of the present invention. 

Fig. 5 is a table showing the configuration of data 
recorded in the reading-start area of the disc according s 
to the embodiment of the present invention. 

Fig. 6 is a chart showing the arrangement of data 
recorded in the reading-start area of the disc according 
to the embodiment of the present invention. 

Fig. 7 is a chart showing the arrangement of data io 
sectors of the disc according to the embodiment of the 
present invention. 

Fig. 8 is a block diagram showing the main compo- 
nents of a disc recording apparatus according to one 
embodiment of the present invention. is 

Fig. 9 is a chart showing the arrangement of main 
data in the data sectors of the disc according to the em- 
bodiment of the present invention. 

Fig. 10 is a block diagram showing a disc reproduc- 
ing apparatus according to one embodiment of the 20 
present inventbn. 

As a disc-shaped recording mediuni according tb - 
one embodiment of the present invention, described be- 
low, a disc based on a unified standard formed by 
. changing the stjgnal niodulatkxiHdemodulation method 25 
from eight-to-fifteen modulation to EFM (Eight-to-Fbur- 
teen Modulation) plus in the above-mentioned SD 
standard is used. The reason to use such a disc based 
on the already established standard is that reliability has 
already been obtained in the recording or reproducing 30 
of data, and the recording capacity and a transfer rate 
are sufficient. 

Part of the SD standard is used as the standard for 
thedisc-shapedrecording medium.according to thejem- 
bodiment. 35 

Fig. 2 shows the schematic structure of the SD 
standard, almost similar to the unified standard. The 
structure has a volume layer 22 on a physical layer 21, 
and an application layer 23 defined on the volume layer 
22. 40 

The physical layer 21 detenmines the disc specifi- 
cation, the track structure, the sector structure, the re- 
cording and modulation method, the reading-start, the 
intermediate, and the reading-end. Since the recording 
of information to this disc-shaped recording medium is ^5 
performed in units of sectors, the structure of recording 
in units of sectors is defined by the sector structure. The 
detailed sector structure will be described below. 

The volume layer 22 detenmines the employment of 
UDF and so forth. The application layer 23 determines so 
application formats such as MPEG2 (moving picture im- 
age coding expert group phase 2) for a video-signal 
compressing method and an audio-signal compressing 
method for •Dolby AC-3" or "fVIPEG audio". 

The standard for the disc-shaped recording medi- 55 
um according to the embodiment utilizes only the phys- 
ical layer 21 shown in Fig. 2, and has a structure in which 
audio data is directly recorded on the physcal layer 21 . 



The specification of the disc-shaped recording me- 
dium (referred to as simply the "disc", hereinafter) ac- 
cording to the embodiment is the same as the specifi- 
cation of the SD standard disc. The disc is 12 cm in di- 
ameter, and 1 .2 mm thick, and formed by cementing two 
thin disc plates being 0.6 mm thick. The RS-PC (Reed 
Solomon product code) is used as an error^correcting 
method. As a recording and modulation method, the 
eight-to-fifteen modulation method is employed in the 
SD standard, while the EFM plus is employed in the uni- 
fied standard. The standard numerical aperture of an 
object lens, a track pitch, the shortest pitch length, and 
so forth are not definitely determined at present as the 
unified standard, which are subjects of discussion. 
Recording to or reproducing from the disc-shaped re- 
cording medium according to the present invention is 
performed in accordance with the detemnined standard. 

As shown in Fig. 3. the innermost circumferential 
side of a disc 5 is used as the reading-start area, the 
outermost circumferential side of the disc 5 is used as 
the reading-end area, and the intermediate between 
both sfdes is used as the data-i'ecordrngf-area, when the 
disc 5 is a one-sided disc type having one recording lay- 
er as same as the compact disc, or is a two-sided disc 
type formed by .overlaying two recorc^ing layers. As not 
shown In Fig. 3, when the disc 5 is a two-sided disc type 
formed by cementing disc plates provided with record- 
ing layers or a two-layer disc, for example, the innermost 
circumferential side of its lower disc is used as'the read- 
ing-start area, and the innenmost circumferential side of 
its upper disc is used' as the reading-end area. 

As shown in Fig. 4A, the reading-start area includes 
two blocks of a reference code and 1 92 blocks of control 
-xiata,^where_on^l>Jppki;pn^j5t$pf H^x^atB sectors (when 
the sector is simply used hereinafter it means this data 
sector). 

Fig. 4B shows one block of the control data CTL 
This one block consists of 16 sectors. Physical format 
information is written into the first sector 0. Disc -manu- 
facturing information (which means infonnation for the 
manufacture of discs) is written into the subsequent sec- 
tor 1. 

In the SD standard, copyright informatbn concern- 
ing copyright is written into sectors 2 to 15. As also 
shown in Fig. 4B, in the disc according to the embodi- 
ment, TOG (table of contents) information is written in- 
stead of this copyright information. 

In the embodiment, a disc name (which may be 
called a "disc title"), audio track names, an ISRC (inter- 
national standard recording code), a catalog number, a 
copy management code, and so forth are written as the 
TOG information. 

The audio track name is the name or title of each 
recorded music. The start and end positions of the audio 
track corresponding to each music are shown by a sec- 
tor address (sector number (including a layer number)) 
and a byte position (byte number) included in main data 
in the sector, and are included in the TOG information. 
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In the embodiment, in consideration ot the exist- 
ence of the unified standard or the SD standard DVD 
disc, in order to discriminate between the audio disc ac- 
cording to the embodiment and the DVD disc, and in 
order to show that the disc according to the embodiment 
has high quality, the following definition is given to data 
for specifying the recorded data included in the physical 
format Information in the first sector 0 in the one block 
of the control data in the reading-start area. 

Fig. 5 shows the contents of the information includ- 
ed in the one sector of the physical format information, 
their byte positions in the main data in the sector, and 
the number of bytes forming them. In the book type and 
version at the byte position M" of this physical informa- 
tion the book type is used as data to specify the recorded 
data in the discs. 

Also. Fig. 6 shows the one byte of the book type and 
version. Its upper 4 brts b7 to b4 represent the informa- 
tion of the book type, while its lower 4 bits b3 to bO rep- 
resent the informatk>n of the book version. 

The SD standard sets the book type as (b7, b6, b5, 
b4] = [OOOOJ, and this setting defrries a read-only SD disc 
(super density disc specifications for read-only disc). 
Accordingly, the audio disc according to the embodi- 
ment is defined as a value other than the above-men- 
tioneid book type [b7. b6, b5. b4] = [0000], tor example, 
the book type [b7, b6, b5, b4] = [1000] so as to be dis- 
criminated from the above-mentioned read-only SD 
■ disc.-. 

In Fig. 7 the structure of the data sector is shown. 
This data sector structure is the same as in the SD 
"slanriacd.-As^hown in Fig. 7, jone-sector.consists of to- 
tally 16 bytes of additional data formed by the first 12 
bytes and last 4 bytes of the one sector and 2048 bytes 
of main data DD tolD2047. 

The first 4 bytes of the first 1 2 bytes as the additional 
data in one sector represent identification data 'ID* 
whk:h Includes sector information and a sector number. 
This sector information includes a sector format type, 
an area type (showing one of areas including the data- 
recording-area, the reading-start area and the reading- 
end area), and the layer number. The 2 bytes that follow 
the identification data represent an error-correcting 
code NEC" for the identification data ID. The following 
6 bytes represent reserve "RSV". The mentioned layer 
number is data related to a number for discriminating 
each recording layer from other recording layers when 
a plurality of recording layers are used in the two-sided 
disc type or two-layer disc type. 

The last 4 bytes as the additional data in the sector 
represent an error-detecting code "EDC". 

In the embodiment the audio data is recorded as 
the main data DO to D2047 of the sector in accordance 
with the following manner. 

Fig. 8 shows the recording system of the recording 
apparatus for the disc-shaped recording medium ac- 
cording to one embodiment of the present invention. 
This example shown in Fig. 8 shows that 2-channel-ster- 



eo audio signals which consist of a left-channel signal 
and a right-channel signal are recorded to the above- 
mentioned disc 5. 

As shown in Fig. 8, a left-channel analog audio sig- 
5 nal "SL" inputted through an input terminal 1L and a 
right-channel analog audio signal "SR" inputted through 
an input terminal 1R are supplied to ZA-modulators 2L 
and 2R, respectively. 

These XA-modulators 2L and 2R perform LA-mod- 
^0 ulation to convert the respective audio signals 2L and 
2R into high speed 1-bit audio signals "DLa" and "DRa" 
by using a sampling frequency that is a multiple of the 
sampling frequency fs used in the above-mentioned 
compact disc, for example, 64-fs (= 2.8224 MHz). 

These 1-bit audio signals DLa and DRa are sup- 
plied to byte-formation circuits 3L and 3R, respectively, 
and in which they are separated in every 8 bits to be 
superficially converted into byte-unit data. Byte-unit da- 
ta LO, LI , L2, ... and RO, R1 , R2, ... from the byte-forma- 
20 tion circuits 3L and 3R are supplied to a sector/ECC- 
encoding-circult 4. 

This sector/ECC-ehcodlng-circurt 4 has alrnost the 
same structure as a sector/ECC-encodlng-circuit for re- 
cording-data to a SD-standard disc and performs the 
25 same signal processing because. the disc 5 .according 
to the embodiment is as same as the physical layer in 
the SD standard. 

The sector/ECC-encoding-circuit 4 assigns the 
8-bit-unit data LO, LI . L2, ... and RO, R1 . R2, from the . 
30 byte-formation circuits 3L and 3R to the respective bytes 
of the nrjaln data DO to D2047. 

The respective bytes of the main data DO -to D2047 
and the byte-unit data LO, Li, L2, ... and RO, R1, R2, ... 
correspond to each other as shown in Fig. 9. The left- 
channel^-bit-unit 1 -bit audio data LO, Li , L2, ... and the 
right-channel 8-btt-unit 1-bit audio data RO, R1, R2, ... 
are alternately arranged as the byte-data DO to D2047 
of the main data in the sector. 

In accordance with the specification of the SD 
^0 standard as mentioned above, the sector/ECC-encod- 
ing-circuit 4 adds, to the main data, identification data 
ID, error-correcting code I EC for the identification data 
ID, reserve RSV, and error-detecting code EDC. Fur- 
ther, the main data is scrambled In accordance with the 
^ specification of the SD standard, so that one data sector 
is formed. 

In the sector/ECC-encoding-circuit 4, error-correct- 
ing codes PO, PI are generated and added by handling 
16 data sectors as one unit to form one ECC block. 
50 These error-correcting codes are based on the RS-PC 
(Reed Solomon product code), and are expressed as 
PO (208, 192, 17), PI (182, 172, 11). 

The code PO is interleaved in the column unit, and 
is disposed in the last column of each sector, so that 16 
55 recording-sectors are formed. A synchronizing code is 
added to the code in accordance with the SD standard, 
and the EFM plus modulation is performed with respect 
to the code. As a result, the code is recorded by the op- 
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tical head (not shown), as a physical sector in the form 
of serial data on the disc 5. This physical sector is re- 
corded in a data decode area. At this time, the disc 5 is 
being rotated at a constant linear velocity by a spindle 
motor (not shown). 

In accordance with the above manner, the disc 5 
obtains a recording capacity of 4.7 gigabytes. There- 
fore, the above-mentioned high-speed 1 -bit audio signal 
does not need to pass through the down-sampling proc- 
ess by the thinning-out filter, and can be directly record- 
ed. 

In connection with this matter the recording capac- 
ity of the compact disc is 650 gigabytes, thus, the re- 
cording capacity of the disc 5 is seven times greater or 
more. In the compact disc, an amount of data recorded 
corresponding to one channel is expressed as 44.1 
(kHz) X 16 (bits) = 705.6 (kilobits). 

To the contrary, an amount of data recorded to the 
disc 5 corresponding to each channel is expressed as 
2.8224 (fy^Hz) X 1 (bit) = 2.8224 (megabits), which value 
is approxirnately 4 times greater than the value of the 
compact disc. Accordingly, as described above, the 
high-speed 1-bit audio data can be directly recorded to 
the disc 5 that has a seven times or more capacity than 
. the.capacity of the compact disc. 

In this recording the control data and so forth are 
recorded in the reading-start area of the disc 5. The val- 
ue [1000] that shows that the disc 5 is for an audio-use 
is recorded as the book type informatbn 6t the physical 
format information in the control data, and the TOC In- 
formation is also recorded. 

As described above, the disc name, the music 
names and the position at which each music is recorded 
are recorded in the TOC information. As the^position .at 
which each music is recorded, the address of the data 
sector (or sector number) and the byte position of the 
main data in the data sector (or byte number) are re- 
corded. 

In data recorded to the compact disc a sub-code is 
recorded in the main data, and as the sub-code a time 
code is recorded. However, in the embodiment the main 
data, consisting of only the audio data, does not include 
data such as sub-codes. 

In addition, byte-unit data and sectors are written 
into the disc at a constant transfer rate. Therefore, time 
information can be found from both the sector address 
and the byte number by computation in the reproducing 
mode, so that the time information is not directly record- 
ed to the disc according to the embodiment. 

A system of reproducing from the disc 5 in which 
the audio data is recorded according to the above man- 
ner will be described below. In Fig. 10 a block diagram 
of a disc-reproducing apparatus according to an embod- 
iment of the present invention is shown. 

In Fig. 10, a system control circuit 30 controls the 
overall disc- re producing apparatus. A servo-circuit 31 
controls a spindle motor 32 in accordance with a servo- 
control signal from this system control circuit 30, and 



controls an actuator for sliding the object lens of an op- 
tical head 33 in the focussing direction and the tracking 
direction. 

The spindle motor 32 for rotating a disc 5 receives 
5 a servo-signal from the servo-circuit 31 , and rotates the 
disc 5 at a constant linear velocity. 

The optical head 33 reads a signal from the disc 5, 
and supplies it to a RF amplifier 41. This RF amplifier 
41 generates reproduced data from the signal form the 
10 optical head 33, and supplies it to a sector/ECC decod- 
ing circuit 42. The RF amplifier 41 generates error sig- 
nals such as a focussing-error signal and a tracking-er- 
ror signal, from the output signal of the optical head 33, 
and supplies it to the servo-circuit 31. 
'5 The servo-circuit 31 performs tracking control for 
controlling the tracing position of the optical head, and 
focussing control with respect to the optical head 33 so 
that the focussing-error signal and the tracking-error 
signal is controlled to be zero. The servo-circuit 31 also 
?o performs spindle-servo-operation by controlling the mo- 
tor 32 so that, the rotational linear.velpcity of the disc 5 
beconies constant. 

The sector/ECC decoding circuit 42 demodulates 
■<iata that is modulated according to the EFM plus mod- 
?5 utation before performs error correcting decoding by us- 
ing the error-correcting codes PO and PI . Subsequently, 
the sector/ECC decoding circuit 42 performs de-scram- 
bling to restore the error-corrected data to the data sec- 
tor as shown in Fig. 7. . . 
^0 The sector/ECC decoding circuit 42 also detects an 
error by using the error-detecting code EDC, and cor- 
rects (interpolates) a byte having an error by using its 
front and back bytes. The respective bytes DO to D2047 
^of the main xfata in the resulting -^5etDr-x;Dri5.i$tx>f,^s 
5 shown in Fig. 9 mentioned above, the data obtained by 
separating the 2-channel (left and right) 1 -bit audio data 
in the 8-bit unit, LO, LI, L2, ... and LO, LI. L2 ... , 

The sector/ECC decoding circuit 42 can be de- 
signed to have almost the same structure as a sector/ 
0 ECC decoding circuit for reproducing from a SD -stand- 
ard disc because the disc 5 according to the embodi- 
ment is as same as the physical layer in the SD stand- 
ard. 

The sector/ECC decoding circuit 42 separates the 
» 8-bit unit data alternately to supply the left-channel data 
LO. LI , L2, ... to a 1 -bit formation circuit 43L and to sup- 
ply the right-channel data LO, L1 , i_2 ... to a 1 -bit forma- 
tion circuit 43R. 

Both 1 -bit formation circuits 43L and 43R rearrange 
' the 8-bit unit data in the fonn of 1-bit unit data, so that 
1 -bit audio signals "DLap" and 'DRap' converted by us- 
ing a sampling frequency of 64fs = 2.8224 MHz are ob- 
tained. 

Low-pass filters 44L and 44R are analog filters hav- 
* ing a cut-off Irequency of 100 kHz. The filters receive 
the 1-bit audio signals DLap and DRap. and restore 
them to the analog audio signals SL and SR. 

A key-operation portion 34 Includes a reproducing 
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start key and a track number selection key. By operating 
this key-operation portion 34, a signal in accordance 
with the operated key is supplied to the system controller 
30. The system controller 30 performs control in accord- 
ance with the key operation. s 

A display 35 displays, for example^ the disc name 
or track number in the reproducing mode, based on in- 
formation from the system controller 30. 

Prior to substantial reproduction, data recorded in 
the reading-start area of the disc 5 is read by the optical io 
head 33. Control data included in the reading-start area 
is taken in the system controller 30 through the sector/ 
ECC decoding circuit 42, The system controller 30 de- 
termines whether or not the type of the disc 5 is the audio 
disc according to the embodiment, by discriminating the is 
book type information of the physical format information 
in the control data. 

When the book typo is [0000], the type is deter- 
mined as a SD-standard read-only disc, for example, a 
DVD. Then, the display 35 shows that the disc loaded so 
in the reproducing apparatus is not for audio-use, and 
reproduction is riot performed:- 

When the book type is [1 000], the system controller 
30 determines that the disc loaded in the reproducing 
apparatus is for audio-use, and performs reproducing 2S 
openatlons by using the above-described' reproducing 
system. 

Thereby, as the result of reproducing operations 
perforrned, left-channel data UO, LI, L2, ... are supplied 
to the 1 -bit formation circuit 43L, whiie right-channel da- 30 
ta RO, R1 , R2 . are supplied to the 1 -bit formation circuit 
43B,icDmJhB,S£tclDr/ECC-decodrng.circuit^2. 

1-bit audio signals DLap and DRap converted by 
using a sampling frequency of 64fs = 2.8224 MHz cor- 
responding to each channel are obtained from the 1 -bit 35 
formation circuits 43L and 43R. These 1 -bit audio sig- 
nals DLap and DRap are supplied to the low-pass filters 
44L and 44R, respectively, so that a left-channel analog 
audio signal SL and a right-channel analog audio signal 
SR are restored. 40 

This left-channel analog audio signal SL and this 
right-channel analog audio signal SR are outpulted from 
output terminals 45L and 45R. 

As described above, it is possible to readily provide 
a hi-fi audio signal having a dynamic range of not less -^5 
than 1 20 dB (20 kHz) and a frequency band of 1 00 kHz. 
Further down-sampling of an audio signal by thinning- 
out with a digital filter in the reproducing mode and over- 
sampling by interpolating with a digital fitter in the repro- 
ducing mode are not needed, and as a result, no dete- so 
rioration occurs in the tone quality of the reproduced 
sound, and a hi-fi natural signal audio with natural sense 
can be realized. 

As described above, by directly recording the high 
speed 1 -bit audio signal that is ZA-modulated, the hard- ss 
ware of the reproducing system can be simplified as 
shown in Fig. 10, compared with the hardware of the 
conventional example shown In Fig. 1 . 



Also in the embodiment, by defining the TOC infor- 
mation in the disc as described above, the specification 
of the audio disc can be directly spread on the physical 
format based on the SD standard, and an inexpensive 
hardware with easy access to each track can be real- 
ized. 

The sampling frequency in ZA-modulation may be 
a multiple of the frequency of fs = 44. 1 kHz or some other 
value, preferably, not less than 16 times thereof. 

The foregoing embodiments describe the case in 
which the next generation of compact discs whose 
standard is being unified is used as the disc -shaped re- 
cording medium according to the present invention. 
However, the present invention can be applied to a disc 
that has a recording capacity as same as the next gen- 
eration of compact discs. 

The reproducing apparatus according to the em- 
bodiment, shown in Fig, 10, is an example of reproduc- 
ing apparatuses having only an audio disc. However, by 
providing two reproducing systems for both DVDs and 
audio discs in the apparatus, it is possible that the ap- 
paratus "fierforTils reproducing from' each disc by deter- 
mining the book type for changing over the two repro- 
ducing systems. 



Claims 

1. A recording method for a disc-shaped recording 
medium (5), comprising the steps of: 

performing ZA'modulation for con verting^n^n- 
alog signal into a digital signal having one bit 
per sample using a sampling frequency n times 
as large as a frequency fs for each channel, 
where said frequency fs = 44. 1 kHz, and n is an 
integer; and 

recording said digital audio signal having one 
bit per sample on said disc-shaped recording 
medium (5). 

2. A recording method according to claim 1, wherein 
said integer n is not less than 16. 

3. A recording method according to claim 1 or 2, 
wherein said analog and digital signals are audio 
signals. 

4. A recording method according to any one of claims 
1 to 3, wherein on said disc-shaped recording me- 
dium (5), data is recorded in units of sectors each 
having a main data capacity of 2048 bytes for said 
digital signal excluding additional data, and wherein 
said digital signal having one bit per sample is re- 
corded as 2048 bytes of main data in said sector by 
fonning said digital signal into 8-bit units of data for 
each channel. 
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5. A recording method according to claim 4, wherein ' 
said digital signal has a right and a left channel and 
said 8-bit units of data of said right channel are 
stored altemately with said 8-bit units of said left 
channel. s 

6. A recording method according to any one of the pre- 
ceding claims, wherein said disc-shaped recording 
medium (5) is formed by cementing two disc mem- 
bers, each member having a recording layer on one io 
surface, a diameter of approximately 12 cm and a 
thickness of approximately 0.6 mm. 

7. A reproducing apparatus for a disc-shaped record- 
ing medium (5) having both a first recording region 
in which a digital audio signal is recorded and a sec- 
ond recording region in which signals including a 
discrimination signal for discriminating the type of 
said digital audio signal recorded in said first record- 
ing region are recorded, and whether said digital au- 
dio signal has one bit persample and has been gen- 
erafted by perfoiTTiing rA-mddulatibri to conVeirt aih 
analog audio signal with a sampling frequency set 
to a multiple of a frequency fs for each channel, 

. where said frequency fs = 44.1 kHz, 

said reproducing apparatus comprising: 
reading means (33) for reading said signals re- 
corded in said disc-shaped recording medium; . 
determination means (30) for determining 30 
whether or not said reproducing apparatus Is 
loaded with said disc-shaped recording medi- 
um (5) in which is recorded a digital audio signal 
heving x?n& M p^r sample and having been 
generated by performing ZA-modulation to con- 35 
vert an analog audio signal with a sampling f re- 1 0. 
quency set to a multiple of a frequency fs for 
each channel, where said frequency fs = 44.1 
kHz; 

reproducing means (42,43) for reproducing 
said digital audio signal having one bit persam- 
ple for each channel, from an output signal read 
by said reading means (33) when said determi- 
nation means determines that said reproducing 
apparatus is loaded with a disc-shaped record- 
ing medium of the said type; and 
low-pass-filter means (44) to which said digital 
audio signal having one bit per sample for each 
channel, output by said reproducing means. Is 
supplied and from which an analog audio signal 
is output. 

8. A recording/reproducing method for a disc-shaped 
recording medium (5) having both a first recording 
region in which a digital audio signal is recorded and 
a second recording medium in which signals includ- 
ing a discrimination signal for discriminating the 
type of said digital audio signal recorded in said first 
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recording region are recorded, 

said recording/reproducing method comprising 
the steps of: 

performing XA-modulation for converting an an- 
alog audio signal into a digital audio signal hav- 
ing one bit per sample by using a sampling fre- 
quency n times as large as a frequency fs for 
each channel, where said frequency fs = 44.1 
kHz, and n is an integer, 
recording said digital audio signal having one 
bit per sample on said disc -shaped recording 
medium; 

reproducing said digital audio signal having one 
bit per sample by reading said recorded sig- 
nals; and 

outputting said reproduced digital audio signal 
having one bit per sample through said low- 
pass-fitter means. 

A recording/reproducing rnethod according to 
Claim* 8, whSrefn said signals are read Trbm said 
disc-shaped recording medium (5) on which is re- 
corded said digital audio signal having one bit per 
sample, and it is detemiined^ based on said discrtrn- 
ination signal recorded on said disc-shaped record- 
ing medium, whether or not the type of said disc- 
shaped recording medium is a disc-shaped record- 
ing medium on which is recorded a digital audio. sig- 
nal having one bit per sample and being generated 
by performing 2:A-moduIation to convert an analog 
audio signal with a sampling frequency set to a mul- 
tiple of a frequency fs for each channel, where said 
frequency fs:^t44.i KHz. 

A recording/reproducing method according to claim 
8 or 9, wherein said integer n is not less than 16. 

A disc-shaped recording medium (5) comprising: 

a first signal-recording region in which a digital 
audio signal is recorded or a digital audio signal 
having one bit persample and being generated 
by using a sampling frequency being n times as 
many as a frequency fs so as to correspond to 
each channel, where said frequency fs = 44.1 
kHz, and n represents an integer, is recorded; 
and 

a second signal-recording region formed inside 
said first signal-recording region in which sig- 
nals including a discrimination signal are re- 
corded, said discrimination signal discriminat- 
ing whether or not, in said first signal-recording 
region, said digital audio signal having one bit 
per sample and being generated by using a 
sampling frequency being n times as many as 
a frequency fs so as to correspond to each 
channel, where said frequency fs = 44.1 kHz, 
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and n represents an integer, is recorded. 

12. A disc-shaped recording medium according to 
claim 11, wherein in said first signal-recording re- 
gion said digital audio signal is recorded in units of s 
sectors, each sector having a main data capacity of 
2048 bytes excluding additional data. 

13. A disc-shaped recording medium according to 
claim 1 1 or 1 2, wherein said digital audio signal hav- 10 
Ing one bit per sample is recorded as 2048 bytes of 
main data by forming said digital audio signal into 
8-bit unit data corresponding to each channel. 

14. A disc-shaped recording medium according to any 
one of claims 11 to 13, wherein said discrimination 
information is data representing a book type within 
the physical format information of control data re- 
corded in said second signal-recording region. 

20 

15. A disc-shaped recording medium according to 
'clairrr 14,- wherein rnfdrmation related to the reccfrd- 
ing-start position and recording-end position of said 
digital audio signal recorded in said first signal-re- 
cording region is recorded, in addition to said dis- 25 
crimihatiori information, in said second signal-re- 
cording region. 

16. A disc-shaped recording medium according to any 
one of claims 11 to 15, wherein said disc-shaped 30 
recording medium is formed by cementing two disc 
members each having a recording. layer on one sur- 
face, a diameter of approximately 12 cm, and a 
thickness of 0.6 mm. 

35 

17. A disc-shaped recording medium according to any 
one of claims 11 to 18, wherein n is an integer not 
less than 16. 



45 



SO 



55 



9 



EP 0 776 008 A2 




CD 



CO 
CO 






O 


m 

-/ r 


bo . 

DECODING 
CIRCUIT 







CO 



OQ 

<o 



CD 

ii 

OLUO 



-co 



CD 

CDtiOS 



Crt 



CM 



CIS 

O 



10 



EP 0 776 008 A2 



FIG. 2 



23 



22 



STANDARD 
FOR DISCS 
ACCORDING 
TO THE 
PRESENT 
INVENTION 



APPLICATION LAYER 



VOLUME LAYER 



PHYSICAL LAYER 



y 

21 



X 



> SO STANDARD 



11 



EP 0 776 008 A2 




12 



EP 0 776 008 A2 



OQ 
CD 



Q 



O 



o 
o 



o 
o 




LU 

S3Q 



CC 
O 
I— 

o. 

LU 

CO 



-co 















CO 










it: 




O 






o 




O 






o 










<=> 


"CD 


€=> 


o 


tn 




O 


FO 


CM 


FO 


CO 


CVI 
LI- 


CVJ 




CM 




CM 



CO 

o 
o 

-J 

CVJ 
03 



CO 

o 
o 

CD 

CM 
CO 



CVJ 



CD 





DE 








• 

CD 




CO 




LU 

O 

o 




DIN 


o 


LU 


O 


o 


o 


CC 


oc 




CC 


CC 


o 


IXI 


O 


LU 


1 ' 


LU 


o 

LU 


M 




NJ 


o 


rsi 


—1 


LU 
CC 


-J 


CC 




CO 


<c 


LU 
U. 


< 


o 




1 

piu 




LU 
CC 




o 




*coc 
















13 



EP 0 776 008 A2 



FIG. 5 



BYTE 
POSITION 


CONTENTS 


NUMBER OF 
BYTES 


1 


BOOK TYPE & VERSION 


1 BYTE 


2 


DISC SIZE & 

LEAST RATE READING - END 


1 BYTE 


3 


DISC STRUCTURE 


1 BYTE 


4 


RECORDING DENSITY 


1 BYTE 


5—16 


DATA- RECORDING - AREA ALLOCATION 


^ 12 BYTES 


17—2048 


RESERVE . . 


2032 BYTES 



DVD 



AUDIO - USE 
(DISC ACCORDING 
TO THE PRESENT 
INVENTION) 





BOOK 


TYPE 




BOOK VERSION 


b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 




J 


1 












0 


0 


0 


0 












J 














1 


0 1 


0 


0 











14 



BP 0 776 008 A2 



FIG. 7 





* - 172d *■ 

4B 2B 1 6B 1 


R( 


DWS 


ID lEC 1 RSV 1 MAIN DATA 160B (Do ~ Dl59) 


MAIN DATA 1728 {Di60~ D331) 


MAIN DATA 1728 (D332 ~ Dsos) 




MAIN DATA 1728 (Di708 ~ Di879) 


MAIN DATA 1688 (Di 880 — O2047) • | EDC 


1 4B 



AG. 9 



Do 


Lo 


Di 


Ro 


D2 


Li 


D3 


Ri 


D4 


L2 


Ds 


R2 


De 


L3 


D? 


R3 


• 




D2044 


Li 022 


D204S 


R1022 


D2046 


L1023 


D2047 


R1023 



15 



EP 0 776 008 A2 




16 



EP 0 776 008 A2 



CO 



DC 



cr 

CO 



GC 



CO 



CO 

cr 
o 



^5 

;0 



cpo.i±: 



CO 



2^ y 



o 



GC 
CO 



CM 



O 

o 

O CI ^ 

tu UJ E± 
CO o o 



GC 
UJ 
-J 
•J 

UjOC 

coo 



7 



CO 



0 

V7 





1— 




ZD 




o 


Ll_ 


DC 


ceo 


> 












o 


o 




Q. 


UJ 


03: 



o 

CO 



50 

>-UJ cc 
LU O 



CO 




CO 



CO 



LO 
CO 



17 



. m PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



PAGE BLANK (uspto) 



